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INVESTIGATIONOF A STJITRSONIC-INLET- TURBOJjKP-EITGIN_E

ATMACH2.0MD ANGLESOFM!TACKUPTO 6°

By DonaldP.HesrthandNormanT.Musial

SUM3!URY

COMBINATION

I)atawereobtainedon a supersonic-inlet- t~bo~et-e~inecofiina-
at a free-stresmMachnumberof 2.0andanglesof attackfrom0°to
Performanceoftheengine,whichoperatedovera widerangeof

compressor-facedistortionsandduringunstableinletflow,is‘presented.
In addition,theeffectoftheengineontheinletperformanceis
discussed.

Althoughtheenginedidgotinfluenceinletpresswerecovery,data
indicatethattheenginemayhaveincreasedthecompressor-facedistor-
tionsatsingleof attack.Insofsras could.be determined,neithervery
highcompressor-facedistortionsnorunstableWet flowresultedin
enginesurgeor ina reductioninengineperformance.However,a crack
wasobservedinthefront-bearingsupportstrutafter19.2hoursof
operationatMach2.0. Unstableinletflowexistedforabout1.6
hoursofthisrumningtime.

Investigationsof
witha throttlingexit

mmucTIoN

supersonicinletconfigurationsusuallyaremade
pluginplaceoftheturbo~etengine(e.g.,refs.

1 and2)becauseoftumel sizeandeaseofoperation.Thus;interaction
betweentheinletandtheengineisrsrelyobservedexceptinflight.To
studYtheinteractionproblems,a J34turbojetenginewasoperatedbehind
a supersonicinletintheLewis8-by 6-footsupersonicwindtunnel(refs.
3t05). Thesetestsindicateda definiteeffectoftheengineonthe
inletstabilitycharacteristicsbutshowedlittleeffectoftheinleton
engineperformance.

h
Presentedhereinare’theresultsofan investigationmadeatthe

NACALewislaboratoryon an inlet-enginecombinationfora proposedsuper-
,, sonicairplane.Testsalsoweremadewiththeengineremovedfromthe

nacelle,whereinan exitplugwasusedtovaryairflow(ref.2). The
presentstudywasconductedinthe10-by 10-footsupersonicwindtunnel

AFMDCDAS fjo-3943



2 Ccm’mm NACARM E57D18

ata Machnuniberof2.0andatamgl.esofattackfrom0°to 6°. Thisre-
portpresentsdatashowingtheeffectoftheengineoninletperformance
aswellastheperfomnanceoftheenginebehinda supersmicinlet.Ef- “
fectsoftheengtieonthe-t stabil.ityckracteristicsforthissame
configuratimarepresentedinreference6.
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SYMBOIS

~ f0~- S@d.S are Wed illthisrepOX’t:

engtiespeed,rpn

ratedenginespeed,7460rpm

total.pressure,lb/sqft —

staticpressure,lb/sqft #

Reynoldsnudberindex,~~q~
●

radius,ft

tukl.temperature,%

weightflow,lb/see ,-

sngleofattack,deg

cmqyessor-statorposition,deg

ratiooftotalpressuretoNACAstsmlardsea-levelpressurecd?2116
lbjsqft

caapressoradiabaticefficieney .

ratio& totalt+eraturetoWA standsrdSea-1eveltemperature
of518.70R

cowl-positianparameter(anglebetweendiffuseraxissmdlinejoin-
ingconeapexto cowllip),deg

ratio@ absoluteviscosityat engine-faceconditionsto absolute
viscosityatNACAstsndardsea-levelconditicm

Wbscripts:

av average

f fuel 4

max maxhtnzn

mininnnn 4



NACARM E57D18
t

o freestreama

2 compressorface

5 turbinedischarge
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APPARATUSANDPROCEDURE

) Theturbojetengine(fig.1) investigatedinthisstudyhada1 seventeen-stsgeaxial-flowcompressoranda three-stageturbine.Al-
thoughtheenginewasequippedwithu afterburner,thetestswerecon-
ductedwithoutafterburning.Thefirstsevenstatorstagesinthecom-
pressorwerevsriableandarescheduledby enginespeedpluscompressor-

● inlettemperature.Thevariableexhaustnozzleis scheduledby power-
levelpositionandbiasedby exhaust-gsstemperature.Theflowareaat
thecompressorfacewas4.52squarefeet.

●

Theenginewasinstalledina productionnacellefora currentsuper-
sonicairplane.Figures2 and3 showthatthenacellehada bulgeonthe
bottomtoprovidespaceforengineaccessories.Themsximumdismeterof
thenacellewasabout51 inches.Theen$inewasstartedby allowingit
towindmilluntilthetunnelwasatthetestconditicmandthenlighting
it;generally,littledifficultywasencounteredin enginelightoff.

Thenacelleconfigurationconsistedofa translating-spikeinlet
(ref.2) anda convergentejectorexhaustnozzlewhosesecondary.airflow
wassuppliedby subinletsinthemaininlet.A largerejectorthanthe
flightmodelwasused,inorderto assurepumpingabilityhighenoughto
chokethesubinlets(fig.3). Thesecondaryflowwasusedinoilcoolers
beforeitwasdischargedintotheaanulusaroundtheengineupstreamof
theejector.About8 to 10percentofthemaininletflowwasbypassed
totheejectorinthismanner.

Inlettestsweremadewithboththeengineandcold-pipeconfigura-
tionsshowninfigure3. Theperformanceoftheengineanda comparison
oftheinletperformanceforthecold-pipeandengineconfigurationsare
presentedherein.Forsupercriticalinletoperation,theengineairflow
wascalculatedfromtheknownmass-flowratio(fromexit-plugdata)and
themeasuredstaticpressureat station75.4(fig.3). Whentheinlet
wassubcritical,engineairflowwasobtainedfromtheman~acturer’sair-
flowcurve.Totalpressureatthecompressorfacewascalculatedfrom
themeasuredstaticpressureandtheengineairflow.Engineperformance

b wascomputed(inthenormalmanner)fromdatarecordedby theinstrumenta-
tionshowninfigure3.

“ Theinlet-enginecombinationwastestedat a free-stresmMachnumber
of 2.0ata pressurealtitudeof about56,000feet. Thecompressor-face
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totaltemperaturewasabout540°XIOOR becauseofthemethodoffa-
cilityoperation.Thus,theenginewastestedat a Reynoldsnmiberin-
dexof’0.43to0.56. Ona standarddayi-nflight(free-streamstatic
temperature,3920R),theReynoldsnumberindexRe wouldrangefrom
0.31to0.40.

RESULTSANDDISCUSSION

Figure4 presentstheinletperformanceforvariousspikepositions,
measuredwiththecold-pipeconfiguration.andwiththeengine operating.
Thetotal-pressurerecoverycharacteristicswerethesameforbothcases
atallanglesofattack.Thecomparisonofthecompressor-facedistortions
shownintheupperpartoffigure4 isnotexactbecauseof instrumenta-
tiondifferencesbetweenthecold-pipeandengineconfigurations.The
distortionvaluespresentedforthecold-pipecasewerecomputedfromthe
sixrakesnotedinfigure3. Huwever,theserakeswerenotinstalleddur-
ingtheenginetests;instead,flushtotal-pressureprobeswereinstslled
inthehorizontalsupportstrutsalthecompressorface.As showninfig-
ures4(b)and(c),thehorizontaldistortionswiththeenginewere,in
somecases,considerablyhigherthanthosemeasuredwiththecoldpipe.
Thisdifferenceincreasedwithangleof attackandwithspikeextension
(decreasingcowl-positionparameter,02). Theinvestigationreported
inreference4 didnotshowsmadverseeffectoftheengineondistor-
tion,possiblybecausethattestwasrestrictedto zeroangleofattack.

Thesourceofthehighdistortionwiththeengineisshowninfigure
5. Profilesatthecompressorfacewiththesameinletoperatingcondi-
tionarepresentedfortheengineandcold-pipeconfigurationsat angles
of attackof 0°,3°,and6°. As showninfigure5,thecold-pipedata
werenotexactlyonthehorizontalcentr”line~asweretheenginedata.
Thus,onlytrendsmaybe surmisedfromtnisfigure.Evenat zeroangle
ofattacktheprofilesappeardifferent,althoughthedistortionvalue
wasthesame.Whetherthisisaneffectoftheengineorofthecircum-
ferentiallocationisnotclear.Inanyevent,asangleof attackis in-
creasedto 6°,lowpressuresdevelopedaroundthehubwiththeengine
operating.Itwouldappesrthattheengineinducedswirlaroundthehub
thatresultedinflowsepsmation.Thisconclusionis indicatedby the
relativelevelofthestaticpressuresmeasured6 inchesupstreamofthe
total-pressuresurvey.

Total-pressureprofilesattheturbinedischargearepresentedin
figure6 fordistortionsof 14and48percentatthecompressorfaceat
practicallythessmeenginespeed.Itisinterestingtonotethatthe
profilesattheturbinedischargeareapproximatelythesameforsuchdiff-
erent amounts

Therange
variousangles

of compressor-facedistortion.

of compressor-facedistortionimposedontheengineatthe
of attackis showninfigure7. Durationofoperationat

coNl?IDmIAL
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thevariousanglesof attackis sunmwrizedintable1. In additionto
. operationwiththeseseveredistortions,theenginewasoperatedduring

unstableinletflow(tableI). Theenginewasoperatedfora shortwhile
withstatic-pressureamplitudesashighas48percentofthecompressor
value.A morecompletediscussionofthesedataandtheamountofpulse
propagationthroughtheengineis includedinreference6.

Themeasuredengineperformanceispresentedinfigure8,whichshows
variousdegreesof compressor-facedistortionandincludesoperationwith
unstableinletconditions.Thesedataindicatethat,fortheparticular
engineinvestigated,highcompressor-facedistortionandinletpulsations
didnotreduceengineperformance(e.g.,fig.8(d)).In addition,ob-
servationsmadeduringthetestindicatednotendencyoftheengineto
surgeundertheseconditions.Whetherthehighdistortionsor inletbuzz
reducedthesurgemargin,- may;havebeenthecase,waandtdetermined.

● In addition,thepossibledevelopmentofhotspotsintheenginecould
notbe observedwiththeinstrumentationavailable.

● Duringthelastrunofthisinvestigation,severeinletpulsingwas
imposedontheengineforabout12minutes,andvibrationsinexcessof50
roils(about10roilswastheallowablemaxtim)wererecorded.Immediately
sftertheseverebuzzconditionwasimposedontheengine,theenginewas
restsrted.inthetunnelandoperatedatratedpower.Enginevibrations
wereobservedtobe normal.Afterthisruntheenginewasraovedfrom
thenacelleandwasthoroughlyinspected.In additionto a fewbroken
mountingbracketsaroundtheengine,a paper-thincrackwasobsenedin
thehorizontalfront-besringsupportstrutcloseto thehub.(fig.9).
Whetherthesevereinletpulsingcausedthis@msge isnotcertain,since,
priortothelastrun,theenginehadbeenoperatedforover19hoursat a
free-stresmMachnumberof 2.0withoutcloseinspectionofthisregion.

Theperformanceoftheengineduringwindmilling(zerofuelflow)
is showninfigure8. A setofwindmill.ingspeeddataobtainedwithMach
nraibersupto 2.5andpresentedinfigure10indicateshigherwindmilling
speedsthanthosereportedfortheJ34engineinreference5.

SUMMARYOFRESULTS

Thefollowingresultswerenotedin aninvestigationof a supersonic-
inlet- turbojet-en@necombinationata free-streamMachnumberof 2.0
andanglesofattackfrom0°to 6°:

1.Inletpressurerecoverywiththeenginewasthess.measthatwith
b an exitplug.However,thetrendofthedataindicatesthatcompressor-

facedistortionmayhavebeenincreasedat angleof attackby theengine.
. 2.Unstableinletflowandlargecompressor-facedistortionwereim-

posedontheengineapparentlywithoutreducingengineperformanceorin-
ducingenginesurge.

CONFIDENTIAL
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3.Theenginewasoperatedforover19hous (includingabout12
tin ofviolentinletbuzz),afterwhicha paper-thincrackwasobserved .
inthefront-bearingsupport.In addition,enginevibrationsof about
5Qroils,whichweremuchhigherthanthemaximumallowable,wererecorded
duringsevereinletbuzz. Afterthissevereoperatingcondition,the

,.

enginewasrestartedandoperatedatrated.~wer.Vibrationswereob-
servedtobe normal.

.
LewisFlightPropulsionLaboratory
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3.

4.

5.

6.

NationalAdvisoryCommitteeforAeronautics
Cleveland,OhiojMay20,1957 -
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TABLEI. - SUMMARYOFENGINEOPERATION

Typeof operation Free-streamAngleof Time,
Mach attack, hr
number deg (a)

Stableinlet 2.0 0 12.4
3 3.0
6 2.3

UnstableinletAp2~ 0.07 P. 2.0 0 0.6
3 .3
6 .5

UnstableinletAp2= 0.07 PO 2.0 0 0.2

Tunnel,subsonic <1.0 0 3.1

%’otaltime,22.4hr.

b
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Figure1.- Turbojetengine.
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—

Figure3.-Nacelleand

#

(b)Withcold

instrumentation

. .—
pipeinstalled.

forengineandcold-pipe

b

.

#

.

—

=.

installations.
*

.

Ccmn?IDENTw



,, . ● ✎

.

.9

.8

.7

“%0 120 140 ,60 Ma 103 120 140 160 180 100 120 140 160 1E3

W261%
Correoted engine airflow, ~ lb/sea

(a)AnEU of attack,OO.

Flzore 4. - D_Jet perfomame.

I

.1”
i,

—.

ml 1.20 140 160

,, ,,,



.-

a
E 1’

20 -g
:~
:.
j;” “a
::
8 .7

100 lzo 140 180 160100 12U 140 160 180 100 120 MO 160

C-acted U@nO *flow, *,,,/,.,

180 Mm 120 140 180 lEE

(b) We af attack, s“.

Flgura 4. - C.tm. met !+sr’r-.

I

.

,1., ,,,

●

*. I 1 . w’

I ; ,, ,,~ ,, I ,, ‘,, i I :,11



. 4478 , .

c1

Ii’
E

m

Eiiliil
critical

.9

.8

.1
MO MO lW

.

39.9

u P
.*

u

Eliiii
Crltil==l

lm 140 lea 120 140

“2-5,:.correctedM@m3Cda’rlw,—

(c) hgle of sttack, 6°.

FQw’a 4. - (louzlded. Inletwrfomm=.

,4 2.6- .

n

u.

Bcritical

IEo ?.20 140 160



..0
=.3

.9

1.0

.9

.8

.7

.8
1.0 .6 .2 .2 .6 1.G 1,0 .8 .2 .2 .6 1.0

i?=tiO of radiut to shell nlllllm

(a)Cowl pmithm pm.ameur, 3S.3°. .(b) Cwl podtlcm parameter, 41.6°,

Figmm s.- I! ffeot of er@nc kullation cm hm.izcmtal wul-pmmn.a profile. Sl&htly aupercritiunl operation.

I

‘*, ,
.

.,1 t!, ,

. ,“

. . .,,
,, ,,.,,, ,,!, 11 ,,,, ~ l?

. .k



NACARM E5~18
&

.

15

●

✌

.

CorrectedengineCompressor-face
speed, distortion,
N percent

N*6

0.94.7 14.04
: .948 47.9

2.0

1.8

1.6

2.0

— —

1.8

1.6—
:5 .6 .7 .8 .9 1.0

Ratioof radiusto shellradius

Figure6.-Total-pressureprofilesatturbinedischarge.

C~IDENTIAL



-

16 coIwmENTIAL

.

NACARM E5~18

.5

.3

.2

.1

0

Angleof
attack,a,

cieg

Ezzzzo
!ssN 3

Ii

110 120 130 140 150 160
W2T ‘2Correctedengineairflow,—
62 ‘ lb/see

Figure7. - Rangeof engineoperatingconditions.

170

..-

“



P NACARM E57D18
%

.

ccmmENTIAL

.

17

-1
.:

.

*

180i

160

140 Md

I I I I I I 104Vltt
120 ‘ Compressor-face

/‘, distortion,
/ percent.,

100

80

60

WH---t‘ ‘ ‘---”a’e”
.76 .80 .84 .88 .92 .96 1.00

Correctedenginespeed, N

~*71Z

(a)Airflow.

Figure8. - Engineperformance.

cONmDENTIAL



—

36

32,

(

28
Compressor-face
distortion,
percent

M
0 <10

10to15
2 : 15to25
# A >25

: 20, Solidsymbols1
m indicatein-
s letbuzz
ho
%~ 16

L
\

:
;
; 12-
G

8

4

0
.72 .76 .80 .84 .88 .92

Correctedenginespeed, N
*A

—

.

?

.-

- —-

.

(b)Variationofcompressorstators.Compressor-face.“- ~ -
temperature,5400R.

Figure8. - Continued.Engineperformance.
—



NACARM E5~18
.

.

ccmwmENTIAL

.

)

7000;

6000

~ 5000
~
-

[$

NCD
*% 1#4000

3000

2000.

1000

0 a

Compressor-face
distortion,
percent

o <10
10to 15

~ 15 %0 25
>25

Solidsymbols
indicatein-
letbuzz

●
●

#
/

/
/
/

.72 .76 .80 .84

Correctedengine

(c)Fuel

Figure8. - Continued.

.88 .92
Nspeed,

N*&

flow.

Engineperformance.

.96

CONFIDENTIAL



20

—

2.0

1.8

1.6

.6

.4

.2

.

Compressor-face
distortion,
percent

4
0 <10

10to 15
; 15to 25*

/
>25

Solidsymbols
/ indicatein-

k‘ letbuzz
/

f ?-En@newindmilling

‘:72 .76 .80“ .84.. .88 .92
Correctedenginespeed, N“

N*= -

.
.-

.

,-

1

i

,.. .
.

Figure8. -

(d)Pressureratio.
.

Continued.Engineperformance.

cONl?IIZENI!rAL



N./WARM E5iTNfI cCmmDENTIAL 21
.

2.6

.

●

●

2.4

2.2

o-..+
-P
alLl 1.8

1.6

1.4

1.2

1.0

8
.

#’
1

~ L ~ —

Compressor-face
distortion,
percent

0 <10
10to 15

b{ : 15to 25
/ A >25

t SolidS@Xlh3
indicatein-41

t letbuzz
/

/~Enginewindmilling
●c&@

72 .76 .80 .84 .88 .92 .96

Correctedenginespeed, N
Pfi

(e)Temperatureratio.

Figure8. - Continued.Engineperformance.

CONFIDENTIAL



NhCARM E5~18
.

.

.9. .

.8

Compressor-face
.7

percent

o <10
10to15

.6 5 l!jto25
A >25

I I I
Enginewindmilling

.5
.72 176 .80

Corrected

(f)

Figure

..%4 . .88 .92 .96
r?enginespeed,— ““

rN* 62 --

Compressoradiabaticefficiency.

8. - Concluded.Engineperformance.

,



. 4

●
✎ $478

. .



24 C!CNTIDENIWL

—

NACARM E5~18
A.

.76~

~. c)

c) >
.74

.72
2.0 2.1 2.2 2.3 2.4 2:5

Free-streamMach”number

Figure10.- Enginewi.ndmilli,ngspeedchar-
acteristics.Compres60r-facetemperature,
538°to”542°R.

cONTmNTIAL NAcA-La@eyFidd, VA. 4478

.—

.

b

—



. ●
* . . .

ccmTmN!cIAIl

(2)9h0E@cJ *&m’@stlmomm-maf
tvm .

rcncrimim
—

I Pa—f—

MOa-fku
ratio

M&z-t

hcmty

rOrJ-

b$cm Ci
mtaak,
kg

cQlfikul&lal
ws-

—
2.0 P,30,6Q 0.5-O.9*mmm.

mlK57DIJ
HE 10
wlo-
Pwt on-
Itar
ulrd
llltmd

CODHO.
FMBsmll
Ml 10
by lo-
?OOt lln-

i*

TlmPel

CoUrID :
m Es7Lm
M 10
@ lo-
PootUn.
itary
Winli
mnoel

Clxmo.
w 57DIJ
L1-i-lm10
bym
mut on-

~w
wind
WnllOl

o 0.90

0.5-O.9*P,SQ,13
#

\

-rorou

2.0

—
z .0

6.8

6,.9

0 O.m

—
0. S-O.9*

,

\

kbta r. oil

.lamdd-cbx

o 0.90

O.eo

A~dmYtmkJctexine
being used currently fm
mmqnlic - m Bt@.-
llal in a prcdotiicm -Ue
ltln inlnt M-d a tmlmlating
opmc .

om5-o.sPo2.0 6.8

—

Bibllo-

?hmentripnampro-fmw=atie~ oftlmraudnrduhr~h thinrepn-tt.o
CrmJile n biblimrdw of M2A f.nlat rrm.mtn. ~in M in being


